•2001-JAN-19 17:22 FROM : NE I TPSji^JT 02 55? 4406 P.002'031 




5 

is 

D 



UNITED STATES PATENT APPLICATION 



OF 



Ku-Hyun PARK 



FOR 



LIQUID CRYSTAL DISPLAY PANEL IMPLEMENTING BISTABLE LIQUID 
CRYSTAL AND METHOD OF FABRICATING THE SAME 



1 



JAN 

\ 



1 9 200 1 03 : 2 1 



02 557 4406 



PAGE - 0? 



200WAN-19 17:22 FROM: NEITRflifiNT 




02 557 4406 




P. 003^031 



5 



^ 10 



j 15 



20 



This application claims the benefit of Korean Patent 
Application No. 2000-4911 filed on February 1, 2000, which is 
hereby incorporated by reference. 



Field Of the Invention 

The present invention relates to a liquid crystal display 
(LCD) panel, and more particularly, to a liquid crystal display 
panel implementing a bistable liquid crystal and a method of 
fabricating the same. Although the present invention is suitable 
for a wide scope of applications, it is particularly suitable for 
improving a response time as well as reducing power consumption 
in the LCD panel. 
Discuss ion of the Related Art 

Recently, a liquid crystal display (LCD) panel with light, 
thin, and low power consumption characteristics is used in office 
automation equipment and video units. Such LCD's typically 
utilize an optical anisotropy of a liquid crystal (LC) . Thin and 
long molecules of the LC cause an orientation alignment of the 
molecules. Therefore, applying electric fields to the molecules 
controls an alignment direction of the LC. When the alignment 
direction of the molecules in the LC is properly adjusted, the LC 
is aligned so that light is refracted along the alignment 
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direction of the LC molecules. AS a result, image data is 
diplayed on the panel. 

Currently, an active matrix (AM) LCD having a plurality of 
thin film transistors and pixel electrodes therein in the shape 
5 of an array matrix draws great attention. This is due to its 
high resolution and superiority in displaying moving pictures. 
Driving methods for such LCD's typically include a twisted 
nematic (TN) mode and a super twisted nematic (STN) mode. 

A conventional liquid crystal display (LCD) device includes 
^ 10 upper and lower substrates that are attached with each other; and 
J* an inter P° seci liquid crystal, such as nematic, smectic, and 

p cholesteric liquid crystals. A liquid crystal display device 

y utilizes an electro-optic effect of the liquid crystal. A 

iu display panel consists of a plurality of liquid crystal cells On 

U 

£3 15 the exterior surfaces of the upper and lower substrates, 
polarizers or retardation films are selectively attached. 

FIG. 1 is a cross-sectional view illustrating a conventional 
LCD panel 20.- As shown in FIG. 1, the LCD panel has lower and 
upper substrates 2 and 4, and an interposed liquid crystal layer 
10. The lower substrate 2 includes a substrate 1, a TFT "S" as a 
switching element to change an orientation of liquid crystal 
molecules, and a pixel electrode 14 where a voltage is applied to 
the liquid crystal layer 10 in accordance with signals from the 
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TFT XX S". The upper substrate 4 has a color filter 3 for 
implementing color. A common electrode 12 on is further formed 
the color filter 8. The common electrode 12 serves as an 
electrode for applying a voltage to the liquid crystal layer 10. 
5 The pixel electrode 14 is arranged over a pixel portion "P", i.e., 
a display area. Further, to prevent leakage of the liquid 
crystal layer 10 between the substrates 2 and 4, the substrates 2 
and 4 are sealed by a sealant 6. The nematic, smectic, and 
cholesteric liquid crystals are most widely used in the above- 

10 mentioned LCD panel. 

FIGs . 2A to 2C illustrate various types of liquid crystal 
molecules in the liquid crystal layer. More specifically, FIG. 
2A is a schematic view of the nematic liquid crystal having each 
rod-like molecule that fluctuates quite rapidly. The molecules 

15 of the nematic liquid crystal have a definite orientation order 
expressed by a unit vector "ft" called a director. The smectic 
liquid crystal is shown in FIG. 2B. The molecules of the smectic 
liquid crystal have a layered structure in which the molecular 
orientation is perpendicular or nearly perpendicular to the layer. 

20 As shown in FIG. 2C, in the cholesteric liquid crystal, the 

director n changes its orientation gradually along a helical axis. 
The helical axis coincides with the optical axis in the 
cholesteric liquid crystal. Among the three different types of 

4 



JAN 13 2001 03:21 



02 557 4406 



PAGE . 05 



2001-JAN-19 17:22 FROM : HE I TPJ^fcyT 02 557 4406 Xj^|0 P.006'031 



F^^^T 02 557 4406 



O 



liquid crystals, the nematic liquid crystal is most widely used 
in liquid crystal display devices because it has the strongest 
dispersion characteristic . 

In general, liquid crystals for liquid crystal display 
5 panel must have the following characteristics . First of all, a 
the liquid crystals should maintain its phase in the range of low 
to high temperatures, so that it is operable in the wide 
temperature range. Also, liquid crystals should be chemically 
and optically stable for a long period of time. They should have 

10 a low viscosity and a fast response time. In addition, they must 
have highly ordered molecular alignments, thereby providing a 
high contrast ratio.. Further, the liquid crystals should have a 
large dielectric anisotropy and a low operating voltage. 

An electro-optic effect enables electrical modulation of 

15 light by changing an alignment of the liquid crystal molecules 

through the applied electric fields. The electro-optic effect of 
the liquid crystals is caused by the electrical modulation of 
light when an optical characteristic of the liquid crystals 
changes. The electrical modulation occurs when an alignment 

20 change of the liquid crystal molecules by applying electric 
fields to the liquid crystal. 

Among the various types of nematic liquid crystals, a 
twisted nematic <TN) liquid crystal and a super twisted nematic 



JAN 13 2001 03:22 



02 557 4406 



PAGE . 06 



2001 -JAN- 19 17:23 FROM: NEITPATEjJ^ 02 557 4406 TQ:7^ . P. 007^031 



TEjta^ 02 557 4406 TO: 3^ 



10 



15 



20 



(STN) liquid crystal are mostly used. For the TN LCD panel, a 
nematic liquid crystal is interposed between lower and upper 
transparent electrodes (shown as the common electrode 12 and the 
pixel electrode 14 in FIG. 1). Those electrodes are respectively 
treated to induce a certain molecular arrangement, so that a 
gradual rotation of the molecules occurs between the lower 
transparent electrode and the upper transparent electrode until a 
twist angle of 90 degrees is achieved. In the STN LCD panel, a 
twist angle increases to 180 to 360 degrees. 

A high-density integrated circuit having a very fast 
response time has been used as a switching device for the LCD 
panel. A new mode for the LCD panel is required to keep up with 
the high-density integrated circuit. For the above-mentioned 
reason, a bistable twisted nematic (BTN) liquid crystal is 
introduced. The bistable twisted nematic liquid crystal is a 
nematic liquid crystal with a chiral dopant. A conventional BTN 
liquid crystal display panel is superior to the conventional 
simple matrix addressing liquid crystal panel such as an STN 
liquid crystal panel. For example, the BTN has characteristics 
of a wide viewing angle, a fast response time, and a high 
contrast ratio. 

As shown in FIG . 3, in its first state, a conventional BTN 
liquid crystal 30 is aligned to have a twist angle of w 4>" and be 
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parallel to the substrates 2 and 4. With sufficiently high 
electric fields (hereinafter referred to as a reset electric 
field) applied across the BTN liquid crystal via a voltage source 
40 of FIG A r the BTN liquid crystal becomes unstable in terms of 
5 an energy level, the boundaries between molecular layers are 

changed. Thus, disclination lines appear. Subsequently, the BTN 
liquid crystal 30 switches to the second state of a homeotropic 
Q alignment where molecules rotate and are perpendicular to the 

%j substrates 2 and 4. Therefore, with a reset electric field 

|U 10 applied across the BTN liquid crystal 30, the BTN liquid crystal 
jrf molecules arranges in the homeotropic alignment and becomes 

^ stable in terms of an energy level. 

£7 Thereafter, as shown in FIG. 5A and 5B, when the reset 

$ > i 

S electric field level is decreased, the BTN liquid crystal 30 

15 quickly changes (switches) to the third state where the molecules 
are aligned with a twist angle of "<X>-n" or xv #+n" according to 
decrease in the reset electric field. The above-mentioned third 
state having a twist angle of "O-n" or "<D+n" is very different, 
in energy level, from the first state. However, it is the same 
20 as the second state in energy level. Since the third state is 
very dif f erent • f rom the first state in its energy level, a 
disclination line is present between the first state and the 
third state and serves as an energy barrier. The energy barrier 
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delays an inverted transition from the third state to the first 
state. 

For the above-mentioned reason, the third state is the most 
stable. In addition> when another electric field is properly 
5 applied across the BTN liquid crystal in the third state, the BTN 
liquid crystal maintains its third state for a longer period of 
time. Specifically, if the reset electric field applied with the 
BTN liquid crystal is rapidly decreased, a backflow wave is 
W induced, so that the BTN liquid crystal is aligned to be 

*J 10 homeotropic with a first twist angle of <f>+n. Conversely, if the 
rgi reset electric field is gradually depreased, the BTN liquid 

O crystal is aligned to be homeotropic with a second twist angle of 

O <X>-n. A changing or switching speed pf the BTN liquid crystal is 

lij less than 10 ms. In addition, as above-mentioned, when a proper 

O 15 electric field is additionally applied to the BTN liquid crystal 
in the third state, the third state lasts for more than 1 second, 
FIG. 6 is a flow chart illustrating a switching operation of 
a LCD panel using a typical BTN liquid crystal. In the first 
state, the BTN liquid crystal has a twist angle of 180 degrees. 
20 When a reset voltage V R is applied to the BTN liquid crystal, the 
BTN liquid crystal arranges as a homeotropic alignment. As soon 
as the reset voltage V R is stopped, a selection voltage V s is 
applied to the BTN liquid crystal. If the selection voltage V- 
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is higher than a saturation voltage V 9flt/ the BIN liquid crystal 
makes a transition to the first quasi-stable state where 
molecules are aligned with a first twist angle of 0 degree. 



saturation voltage V Sitf the BTN liquid makes a transition to the 
second quasi-stable state where molecules are aligned with a 
second twist angle of 360 degrees. The first quasi-stable state 
becomes "ON" state while the second quasi-stable state becomes 
"OFF" state. 

When a time-division operating voltage shown in FIG. 7 is 
applied to the above-mentioned BTN LCD panel, the first quasi- 
stable state switches to the second quasi-stable state, and vice 
versa. FIG. 1 shows a basic waveform of the operating voltage 
for the BTN LCD panel. 

During a reset period T ft , the reset voltage V H is applied 
such that the BTN liquid crystal changes from the first state 
alignment to the homeotropic alignment that is very different 
from the first state alignment in energy level. During a 
selection period T s , the BTN liquid crystal selects the first 
quasi-stable alignment or the second quasi-stable alignment 
according to the level of the selection voltage V s . During a 
retention period T r , the selected quasi-stable alignment lasts or 



Conversely, if the selection voltage V 3 is lower than the 
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a certain period of time with a retention voltage V s applied with 
the BTN liquid crystal. 

Specifically, in applying an actual voltage signal to a 
pixel electrode (reference 14 of FIG. 1) , if a voltage higher 
5 than a threshold voltage is applied during the selection period, 
the BTN liquid crystal molecules are aligned to have the first 
twist angle of O+n, which is OFF state. Conversely, if a voltage 
lower than the threshold voltage is applied during the selection 



period, the BTN liquid crystal molecules are aligned to have the 



s i 10 first twist angle of <X>-n, which is ON state . The higher 

selection voltage has the same effect as the reset voltage is 
gradually decreased, while the lower selection voltage has the 
same effect as the reset voltage is rapidly decreased. When the 
lower selection voltage is applied to the BTN liquid crystal in 
15 the second state, the backflow wave is induced. 

As mentioned previously, if a twist angle of the first state 
is 160 degrees, the first twist angle of the first quasi-stable 
state, ON state, is 0 degree, while the second twist angle of the 
second quasi-twist state, OFF state, is 360 degrees. The above- 
20 mentioned ON and OFF states only refer to the different twist 
angles of the quasi-stable states. In other words, light 
transmittance or light reflectivity of the BTN LCD device may 
change according to some design factors of the BTN liquid crystal 
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panel, such as cell thickness, refractive anisotropy, or angle of 
polarizers. Namely r according to the above-mentioned design 
factors of the BTN liquid crystal panel, ON and OFF states may 
respectively refer to white and black states, or black and white 
5 states. 

As explained, the conventional BTN liquid crystal panel can 
switch ON and OFF states via changing only a twist angle, it is 
superior to the TN-LCD or STN-LCD panel in viewing angles as well 
4i as a response time and a contrast ratio. In addition, the 

N 10 conventional BTN liquid crystal is also Qperated via the simple 
SI matrix addressing operation. 

O However, a reset voltage of about 30 V is applied in the 

□ conventional BTN liquid crystal panel to make a transition from 

hj the first state alignment tc the homeotropic alignment. Therefore, 

?i 15 the conventional BTN liquid crystal panel has a disadvantage in a 
high power consumption. To overcome the above-mentioned problem, 
a homeotropic BTN liquid crystal panel using a vertical alignment 
layer was introduced. However, in this case, there is a 
limitation in which a liquid crystal should have a negative 
20 dielectric anisotropy. 

fiTIMMMW OF THE INVENTION 

Accordingly, the present invention is directed to a liquid 
crystal display panel and a method of fabricating the same that 

11 
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substantially obviate one or more of the problems due to the 
limitations and disadvantages of the related art. 

An object of the present invention to provide a bistable 
twisted nematic (BTN) liquid crystal display panel having a fast 
5 response time and low power consumption. 

Another object of the present invention to provide a BTN 
liquid crystal display panel that can adopt various types of 
liquid crystals. 

Additional features and advantages of the invention will be 
10 set forth in the description that follows, and in part will be 
apparent from the description, or may be learned by practice of 
the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
O 15 hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with 
the purpose of the present invention, as embodied and broadly 
described, a method of fabricating a liquid crystal display panel 
having first and second substrates includes the steps of forming 
20 a first electrode on the first substrate, forming a second 
electrode on the second substrate, assembling the first and 
second substrates, forming a bistable twist nematic liquid 
crystal layer between the first and second substrates, wherein 

12 
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the bistable twist nematic liquid crystal layer having a monomer, 
aligning the bistable twist nematic liquid crystal layer by 
applying electric fields, and forming polymer networks by 
exposing the bistable twist nematic liquid crystal layer to light, 

5 In another aspect of the present invention, a method of 

fabricating a liquid crystal display panel having first and 
second substrates includes the steps of injecting a bistable 
Q liquid crystal mixed with a chiral dopant and a monomer between 

\j the first and second substrates, wherein the bistable liquid 

crystal is aligned with a twist ancle of 180 degrees, applying a 
reset voltage to the bistable liquid crystal, and polymerizing 
the monomer in the bistable liquid crystal, thereby forming a 
plurality of polymer networks. 



In a further aspect of the present invention, A liquid 
15 crystal display panel includes first and second substrates and 

a liquid crystal layer between the first and second substrates, 
wherein the liquid crystal layer has a photo-polymerized monomer 
and is aligned perpendicular to the substrates. 

It is to be understood that both the foregoing general 
20 description and the following detailed description are exemplary 
and explanatory and are intended to provide further explanation 
of the invention as claimed. 

13 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in 
and constitute a part of this specification, illustrate 
5 embodiments of the invention and together with the description 
serve to explain the principles of the invention. 
In the drawings: 

FIG. 1 is a cross-sectional view of a conventional TFT 

O 

'O liquid crystal display panel; 

10 FIGs. 2A to 2C illustrate schematic views of molecular 

01 alignments of ne?natic, smectic, and cholesteric liquid crystals, 

O respectively. 

□ FIGs. 3, 4, 5A, and 5B are schematic cross^sectional views 

bi illustrating an operation mode of a conventional BTN-LCD panel; 

O 

Q 15 FIG. 6 is a flow chart illustrating a switching operation of 

a LCD device utilizing the conventional BTN liquid crystal; 

FIG. 7 is a diagram illustrating an operation voltage signal 
for the conventional BTN liquid crystal panel; and 

FIGs, 8A to 8C are schematic cross-sectional views 
20 illustrating the process steps of fabricating method of a BTN 

liquid crystal display panel according to a preferred embodiment 
of the present invention. 

DETAILED DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 

14 
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Reference will now be made in detail to an embodiment of the 
present invention, the example of which is illustrated in the 
accompanying drawings. 

In the preferred embodiment, a small amount of monomer 
5 polymerized by light is mixed in a BTN liquid crystal to improve 
stability of the BTN liquid crystal. FIGs . 8A to 8C illustrate a 
fabricating process for a BTN liquid crystal display panel 500 
according to the preferred embodiment of the present invention. 
Initially, as shown in FIG. 8A f the BTN liquid crystal 300 
y 10 is mixed with a chiral dopant and the above-mentioned monomer 310, 
m The BTN liquid crystal 300 is interposed between a lower 

O substrate 100 and an upper substrate 200 to form the BTN liquid 

O crystal panel 500. Each of the lower and upper substrates 100 

bi and 200 has a transparent conductive electrode (shown in 

O 

O 15 reference 14 and 12 of FIG. 1). In the first state, the BTN 

liquid crystal molecules 300 are aligned with a twist angle of 
180 degrees. Preferably, the transparent conductive electrodes 
(not shown) are selected from a material including indium tin 
oxide (ITO) and indium zinc oxide (120) . 
20 Next, as shown in FIG. 8B, a voltage source 400 applies 

electric fields to the BTN liquid crystal 300 through the 
transparent conductive electrodes (not shown) of the lower and 
upper substrates 100 and 200. The molecules are arranged a3 a 

15 
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homeotropic alignment, so that they are aligned perpendicular to 
the substrates 100 and 200. In addition, light 600 is incident 
on the BTN liquid crystal panel 500. The above-mentioned 
electric fields have the same level as a reset voltage "V R " that 
is applied for the conventional BTN liquid crystal panel in the 
reset period shown in FIG. 7. More specifically, the electric 
fields include a voltage in the range of 20 to 30 V. As the 
light 600 is incident on the BTN liquid crystal 300, the monomer 
310 is polymerized. FIG. 5C shows polymer networks 320 formed by 
the above-mentioned polymerization. Preferably, the light 600 
01 includes ultraviolet rays. 

la When the polymer networks 320 are formed, the BTN liquid 

p crystal 300 maintains its homeotropic alignment (or the reset 

§=& 

y state) regardless of the electric fields applied to the BTN 

C3 

p 15 liquid crystal 300. In other words, after the polymer networks 
320 are formed, the polymer networks 320 serves to maintain the 
homeotropic alignment. Thus, the molecules are aligned to be 
homeotropic in the first state alignment without applying the 
electric fields. Therefore, the reset voltage V R of FIG. 1 is 
not required to reset the homeotropic alignment continually 
because of the polymer networks 320. Accordingly, since the BTN 
liquid crystal 300 in the present invention always maintains the 
homeotropic alignment in its first state alignment without 
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applying a reset voltage V R , an LCD panel is operated by only 
applying a selection voltage V s of FIG. 7. 

In summary, in the present invention, the photo-polymerized 
monomer 310 is mixed in the BTN liquid crystal 300. Electric 
5 fields are applied to the BTN liquid crystal 300. Then, light is 
incident on the BTN liquid crystal 300, so that the monomer 310 
is polymerized to form the polymer networks 320. Due to the 
polymer networks 320, the BTN liquid crystal 300 always resets to 

/H the homeotropic alignment without the reset voltage V R . 

*y 10 Accordingly, power consumption due to the reset voltage V R is 

C 1 much reduced in the present invention. 

O It is apparent to those skilled in the art that various 

O modifications and variations can be made in the liquid crystal 

yj display panel implementing a bistable liquid crystal and method 



15 



of fabricating the same of the present invention without 



departing from the spirit or scope of the inventions. Thus, it 
is intended that the present invention covers the modifications 



and variations of this invention provided they come within the 



scope of the appended claims and their equivalents. 
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